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SUMMARY 


In view of changes in human smoking patterns with the introduc¬ 
tion of low-tar cigarettes it was of interest to determine how 
the puff volume affects the mainstream (MS) yields of tobacco- 
specific nitrosamines (TSNA). Six U.S. blended cigarettes with' a 
wide range of FTC tar and nicotine yields were machine-smoked 
with puff volumes of 25, 30, 35, 40, and 45 mL, respectively. 
Collection of MS and determinations of total particulate matter 
(TPM), water, nicotine, benzo(a)pyrene, as well as of TSNA were 
performed according to published methods. While tar, nicotine, 
TSNA, and BaP content of MS of low- and ultra low-yield ciga¬ 
rettes were found to rise with increasing puff volume, TSNA 
levels in MS of full-flavor, high-yield cigarettes reached a peak 
when cigarettes were smoked with a 35-mL puff. Blocking the air 
vents during smoking of cigarettes with perforated filters 
doubles the increases of TSNA yields in MS compared to increases 
in the yields of tar and nicotine. Our findings underscore that 
the yields of TSNA in MS are greatly affected by the smoking 
intensity. 

INTRODUCTION 

Smoking low-yield cigarettes compels the smoker to change 
smoking behavior. Smokers who switch brands, often draw larger 
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puffs of smoke from cigarettes that deliver lower nicotine 
yields than from their former brand (1). Changing the standard¬ 
ized parameters of machine smoking (35 mL puff volume; 2 seconds 
puff duration; 60 seconds puff frequency) to conditions more 
proximate to the behavior of low-yield cigarette smokers (47 mL 
puffs of 2.4 sec. duration taken every 44 seconds) has shown 
that tar and nicotine yields increase 15- to 39- fold and 8- to 
19-fold respectively (2). Another study revealed that puff 
frequency had a greater effect on mainstream smoke (MS) delivery 
of alkaloids than variation of puff volume (3). An investigation 
of the MS yields of selected smoke constituents of six German 
cigarettes has shown that puff volume and frequency not only 
affect tar and nicotine delivery but also have a significant 
influence on the yields of tobacco-specific nitrosamines (TSNA; 
4). In the range of 20-50 mL the relationship between puff volume 
and MS yields of individual TSNA was found to be linear (5). 

Smokers of ultra low-yield cigarettes also have a tendency to 
block air vents in the filter tips with their lips and/or 
fingers. This increases smoke yields from 1 mg to 16 - 29 mg tar, 
thus counteracting the purpose of the ultra low-yield design of 
this cigarette (6). 

The objectives of the current study were: (i) to determine the 
effect of smoking conditions (with puff volume and hole-blocking 
of filter vents as variables) on delivery of TSNA and benzo(a)- 
pyrene in the MS of six U.S. blended cigarettes with a wide range 
of FTC tar and nicotine deliveries; and (ii) to examine the rela¬ 
tionship between TSNA in MS and their precursors in tobacco. 

MATERIALS AND METHODS 

One nonfilter and four filter-tipped brands of 85-mm U.S. 
blended cigarettes were purchased in 1990 from retailers in 
Westchester County, NY. Filter cigarette D (six samples) was 
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bought at test markets in CT, FL, OH and NE. All cigarettes were 
stored in a cold room (4°C) until analysis. Cigarette tobacco 
was freeze-dried and ground prior to analysis for alkaloids, 

TSNA, N-nitrosamino acids, nitrate and nitrite, and determination 
of pH using earlier published methods (7). Standardized proce¬ 
dures for generating and collecting MS were followed (8) except 
that puff volumes varied. Water in TPM was determined by gas 
chromatography (9) while nicotine, including secondary amine 
alkaloids, and TSNA in the MS were assessed as described earlier 
(7). Benzo(a)pyrene (BaP) was determined by a modified version 
(10) of the method of Dumont et al. (11). 

Apparatus 

TSNA were separated and quantified on a Hewlett-Packard Model 
5890 gas chromatograph interfaced with a Model 610 Thermal Energy 
Analyzer (TEA; Thermo Electron Corp., Waltham, MA), modified as 
described earlier (12), and a Model 3390A integrator (Hewlett- 
Packard, Paramus, NJ). Tobacco alkaloids were analyzed on a 
Hewlett-Packard Model 5890 gas chromatograph with a thermionic N- 
P-specific detector (NPD). Water in TPM was determined on a 
Hewlett-Packard Model 5700A gas chromatograph with thermal 
conductivity detector (TCD). MS for TSNA determination was 
generated with a Borgwaldt RM 20/CS 20-port smoking machine with 
rotating head (Heinrich Borgwaldt, Hamburg, FRG, modified as 
described previously; 13). The total particulate matter (TPM) of 
the mainstream smoke was collected on 92-mm Cambridge filters 
(CF) as described earlier (7). For determination of water, 
alkaloids, and BaP in MS cigarettes were smoked in a single-port 
piston-type smoking machine Model RM1 (Heinrich Borgwaldt, 
Hamburg, FRG). Nitrate and nitrite analysis was done with a 
Technicon Auto Analyzer System II with a 50-nm flow cell in the 
colorimeter (14). BaP analysis was carried out by reverse phase 
HPLC on a Hewlett Packard liquid chromatograph Model HP 1090 
interfaced with a Hewlett-Packard fluorescence detector Model HP 
1046A. 
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RESULTS AND DISCUSSION 


As shown in Table 1 there are no significant quantitative differ¬ 
ences in individual or total alkaloids in the cigarette tobaccos 
of the studied brands, except for De-Nic brand (D) which had been 
de-nicotinized by supercritical fluid extraction (SCFE). This 
cigarette shows also significant differences in nitrate and 
nitrite nitrogen when compared to the other brands. In spite of 
low levels of nicotine, there were measurable amounts of individ¬ 
ual and total TSNA in tobacco of cigarette D though they were 
somewhat lower than those in the tobacco of the other cigarette 
brands. This observation suggests that the SCFE does not remove 
all TSNA and their precursors while it removes nicotine to a 
significant extent. 


The tar and nicotine yields in the MS of all six cigarette brands 
(Table 2) rise with increasing puff volumes. The MS of the de- 
nieotinized cigarette contained less nicotine than that of both 
ultra low-yield cigarettes. The levels of NNK, NNN, and total 
TSNA in MS of low- and ultra low-yield cigarettes, which were 
smoked without restriction of air vents in the filter tip, rise 
linearly with increasing puff volume, while the yields of these 
compounds in the MS of a full-flavor high-yield cigarette, both 
with and without filter tip, are the highest at 35-mL puff 
volume. Even though the nicotine content of cigarette D was very 
low (0.4 mg/g) there were measurable yields of TSNA in its MS. 
Nevertheless, these were only about half as much as those in the 
MS of cigarette C which yields about the same amount of tar. The 
occurrence of TSNA in MS of the De-NIC cigarette suggests that 
secondary amine alkaloids (nornicotine, anatabine, and anabasine): 
as well as the concentrations of preformed TSNA in toboccao play 
an important role in TSNA delivery during smoking. As expected, 
the levels of TSNA in MS decrease with an increase in the degree 
of ventilation in the cigarette filter tip. 
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The BaP levels in the MS of the high-yield nonfilter cigarette 
are not positively correlated with the tar values, which is in 
agreement with previous findings (10). While BaP delivery in the 
MS of the full-flavored nonfilter cigarette reached a minimum at 
the 35-mL puff volume, BaP levels in the MS of an ultra low-yield ; 
cigarette (E) rose linearly with an increase in puff volume. 

By comparison to data obtained without restricting the air vents 
of the perforated filter tip of cigarette B (6.1 % ventilation), 
blocking of the vents caused MS deliveries to increase by 1.3 - 
13.1 % for tar, by 1.9 - 13.6 % for nicotine, by 14.3 - 30.2 % 
for NNN, by 23.5 - 33.3 % for NNK, and by 15.5 - 28.6 % for total 
TSNA. When> the air vents of ultra-low yield cigarette F (76.8% 
ventilation) were blocked, the increased delivery of toxic and 
biologically active compounds in the MS of these cigarettes was 
even more significant (3.2- to 5.8-fold for. tar, 2.4- to 4.1-fold 
for nicotine and 4- to 11-fold for individual and total TSNA), 
clearly showing different dynamics for different smoke constit¬ 
uents. By blocking air vents of the filter tips during smoking, a 
cigarette designed to deliver 1 mg tar will in effect yield 8 mg 
tar per cigarette. 

We are currently studying the effects of various other smoking 
parameters on the smoke yields of tar, nicotine, and individual 
TSNA. 

ACKNOWLEDGEMENT 


The investigators appreciate the assistance of Ms. Lisa Biear, 
Ms. Yin Liu and Mr. Mark Kagan in performing the smoke analyses 
and thank Drs. L.P. Bush and H.R. Burton from the University of 
Kentucky, Agronomy Department, Lexington, KY 40546 for nitrate 
and nitrite analysis. This study is No. XCIII of the series 
"Chemical Studies on Tobacco Smoke". The research was supported 
by Grant CA-29580 from the U.S. National Cancer Institute. 

5 


Source: https://www.industrydocuments.ucsf.edu/docs/rskmOOOO 


2023118345 



REFERENCES 


1. R.J. Herning, R.T. Jones, J. Bachman and A. Mines. Puff 
volume increases when low-nicotine cigarettes are smoked. 
Brit. Med. J., 1981, 283, 187-189. 

2. L.T: Kozlowski, W.S. Rickert, M.A. Pope, J.C. Robinson and 
R.C. Frecker. Estimating the yield to smokers of tar, 
nicotine, and carbon monoxide from the 'lowest yield' 
ventilated filter-cigarettes. British J. of Addiction, 

1982, 77, 159-165. 

3. L.P. Bush, C. Grunwald and D.L. Davis. Influence of puff 
frequency and puff volume on the alkaloid content of smoke. 
J. Agr. Food Chem., 1972, 20, 676-678. 

4. S. Fischer, B. Spiegelhalder and R. Preussmann. Influence of 
smoking parameters on the delivery of tobacco-specific 
nitrosamines in cigarette smoke-contribution to relative 
risk evaluation. Carcinogenesis, 1989, 10, 1059-1066. 

5. S. Fischer and B. Spiegelhalder. Improved method for the 
determination of tobacco-specific nitrosamines (TSNA) in 
tobacco smoke. Beitr. Tabakforsch. Int., 1989, 14, 145-153. 

6. L.T. Kozlowski, M.A. Pope and J.E. Lux. Prevalence of the 
misuse of ultra-low-tar cigarettes by blocking filter vents. 
Am. J. Publ. Health, 1988, 78, 694-695. 

7. M.V. Djordjevic, K.D. Brunnemann and D. Hoffmann. Identifi¬ 
cation and analysis of a nicotine-derived N-nitrosamino acid 
and other nitrosamino acids in tobacco. Carcinogenesis, 

1989, 10, 1725-1731. 


6 


I 

Source: https://www.industrydocuments.ucsf.edu/docs/rskmOOOO 


2023118346 



8. CORESTA, Recommended Method No.10. Machine smoking of ciga¬ 
rettes and determination of crude and dry smoke condensate. 
CORESTA Inf. Bull., 1969, 1, 1-10. 

9. CORESTA, Recommended Method No.8. Determination of water in 
the mainstream smoke of cigarettes by gas chromatography. 
CORESTA Inf. Bull., 1987, 2, 21-24. 

10'. M.V. Djordjevic, C.W. Sigountos, D. Hoffmann, K.D. Brunnema- 
nn, M.R. Kagan, L.P. Bush, R.D. Safaev, G.A. Belitsky and D. 
Zaridze. Assessment of major carcinogens and alkaloids in 
the tobacco and mainstream smoke of USSR cigarettes. Intern.. 
J. Cancer, 1990, submitted. 

11. J. Dumont, F. Larocque-Lazure and C. Ioria. An alternative 
isolation procedure for the subsequent determination of 
benzo(a)pyrene in total particulate matter of cigarette 
smoke. 43rd Tobacco Chemists' Research Conf., Richmond, VA, 
Abst. No. 34, 1989. 

12. K.D. Brunnemann and D. Hoffmann. Assessment of the carcino¬ 
genic N-nitrosodiethanolamine in tobacco products and tobac¬ 
co smoke. Carcinogenesis, 1981, 2, 1123-1127. 

13. D. Hoffmann, K.D. Brunnemann and K.S. Webb. Volatile nitros- 
amines in tobacco and mainstream and sidestream smoke and 
indoor environments. In: R. Preussmann, I.K. O'Neill, G. 
Eisenbrand, B. Spiegelhalder, H. Bartsch (eds.). Environmen¬ 
tal Carcinogenesis: Selected Methods of Analysis, IARC, Sci. 
Publ., 1983, 15, 69-85. 

14. J. Crutchfield and H.R. Burton. Improved method for the 
quantification of nitrite in plant materials. Anal. Lett., 
1989, 22, 555-571. 


7 


Source: https://www.industrydocuments.ucsf.edu/docs/rskmOOOO 


2023118347 



IMkL! 


ALKALOIDS. TSNA . N-MITROSAHINO ACIDS . H1TRATE-N. AMO NITRITE-M IN CIGARETTE TOBACCO 


| Compounds 

1! A | 

| 24/1.5 | 

B | 

17/1.1 | 

1 

C | 

8/0.6 j 

1 

0 

7.6/0.03 

E | 

1/0.1i | 

i 

F | 

l/Oll | 

f 

| Alkaloids (rno/q) 

II 

i 1 

1 1 

ii 

1 

1 

l 

1 


r 

1 


II 

I nicotine 

1 I 

1 17 - 9 1 

1 

16.9 | 

1 

17.9 | 

0.4 

17.6 |' 

17.9 | 

| norm cot ine 

1 0.7 li 

1.0 | 

0.8 | 

0.6 

0.8 | 

0.9 | 

| anatabine 

1 1-5 II 

1.5 ! 

1.4 | 

1.3 

I . 7 | 

2.0 | 

! anabasine 

1 0.09 II 

o.oa | 

0.08 | 

0.06 

0.09 | 

0.11 | 

| total 

i r 

i i 

19.5 | 

1 

20 L 3 | 

I 

2.4 

20.3 | 

1 

20.9 | 

| TSNA (uq/q) 

1 i 

i i 

i i 

1 

1 

| 

ii 

II 


1 

1 . 1 

1- 1 


| NAT 

1 0.92 | 

1.32 | 

1.46 j| 

0.88 

! I 

1.08 | 

0.97 | 

| NAB 

1: | 

NDc | 

ND |! 

0.06- 

ND | 

NO | 

I NNN 

1 1-29 | 

1.95 | 

2.30 | 

0.88 

1.75 j 

1.98 | 

| HHK 

1 0.77 1 

0.89 | 

0.53 | 

0.65 

0.50 | 

0.58 | 

|| total 

f! 

1 3.0 I 

1 1 

4.1 | 

4.3 | 

1 

2.5 

3.3 | 

l 

3.5 j 

II 1 1 

|i Nitrosamino acids (uq/q) | i 

! 1 1 

li 

1 

1 

1 


1 

1 

1 


1 

NMPA 

i 1 

! 0.21 1 

0.58 | 

1 

0.38 | 

0.36 

1 

0:32 1 

0.52 | 

NMBA 

| 0.006| 

0.030 | 

0.009 | 

0.040 

0.012 j; 

0.011 | 

NPRO 

1 0.18 1 

0.64 j 

0.43 | 

0.56 

0.28 |! 

0.46 | 

Iso-NNAC 

| 0.010| 

0.026 | 

0.026 | 

NO 

0.024 |i 

0.028 | 

total 

1 0.41 | 

1i.28 | 

1 

0.84 | 

1 

0.96 

0.64 | 

1.02 | 

Nitrogen (uq/q) 

1 1 

1 l 

1 I 

1 

1 

| 

1 

1 

1 


1 

1 

| 


nitrate 

1 2.680 | 

2,370 | 

i 

2,780 | 

1,100 

j 3,160 | 

3,080 j 

nitrite 

1 2.65 | 

2.58 j 

l 

2.51 1, 

3.97 

! 3.36 1 

3.48 | 


II 5.32 | 

li 1 

1 

5.49 | 

_L_ 

5.49 || 

_L- 

5.38 

_L 

1 1 

I 5.43 | 

__L_ 

5.34 | 

1 


Abbreviations: TSNA, tobacco-specific N-nitrosamines; NAT, N*-nitrosoanatabine; NAB, N'-nitroso- 
anabasine; NNN, N’-nitrosonornicotine; NNK, 4-(methylhitrosaonno)-1-(3-pyridyl)-1-butanone; 

NMPA, 3 - (methy Ini trosamino)propi on ic acid; NMBA, 4-<methylnitrosamino)butyric acid; NPRO, 
M-nitrosoproline; iso-NMAC, 4-<methylnitrosamino}-4-(3-pyridyl)butyric acid. 

Alkaloid, TSNA, and nitrosamino acid values are the averages of 6 samples. One of the samples contained 
higher concentrations of NAT and NNN (1.38 and 3.31 ug/g, respectively). 

NO, not detected 


Source: https://www.industrydocuments.ucsf.edu/docs/rskmOOOO 


2023118348 














a 

111 COT me. TSNA AND BaP IN MAINSTREAM SMOKE 


1 1 









Total 


—i 

1 

|| CIGARETTE | 

II 1’ 

PUFF 

ml 

TPM 

TAR 

mg/cig 

NIC 

NAT 

NAB 

NNN 

NNK 

TSNA 

BaP 

i 

1 

1! 1 





- ng/cig 




1 

_| 

i A; ii 

| MF, SP, as on |i 

25 

25.7 

22.8 

1.41 

131 

24 

118 

64 

337 

43.5 

i 

1 

| FTC TAR 24; NIC 1.5 j: 

30 

28.3 

23.7 

1.36 

134 

16 

131 

74 

356 

44.4 

i 

| VENTILATION: N/A |' 

35 

26.8 

23.6 

1.37 

190 

24 

177 

101 

492 

23.0 

i 

| BUTT LENGTH: 23 mm | 

40 

34.9 

29.8 

1.69 

173 

24 

164 

97 

458 

34.2 

i 

| AVG. WTi: 1.1136 g | 

1 1 

45 

39.7 

33.9 

1.74 

129 

18 

124 

79 

349 

41.0 

i 

|| 8: | 

|! F, SP, 8S mm | 

25 

17.7 

14.7 

0.84 

136 

11 

125 

59 

332 


—i 
i 
i 

|| FTC TAR 17; NIC 1.1 | 

30 

19.2 

16.6 

0.88 

140 

11 

131 

62 

344 


i 

|| VENTILATION: 6.1 X \ 

35 

23.9 

19.0 

0.95 

167 

12 

162 

75 

417 


i 

|l BUTT LENGTH: 28 mm | 

40 

26.7 

19.8 

1.02 

140 

10 

J32 

75 

357 


i 

|| AVG. UT: 0.9731 g | 

45 

28.7 

22.0 

1.07 

129 

11 

135 

78 

347 


1 

_1 

1 1 

1 C: | 






b 





1 

| F, SP, 85 m | 

25 

7.4 

6.6 

0.47 

74 

NO 

72 

37 

183 


i 

| FTC TAR 8; NIC 0.6 | 

30 

8.5 

7.5 

0.44 

77 

NO 

77 

40 

194 


i 

| VENTILATION: 35.3 X | 

35 

9.9 

8.6 

0.52 

91 

10 

81 

48 

230 


i 

| BUTT LENGTH: 35 mm | 

40 

12.6 

11.4 

0.61 

96 

11 

88 

49 

244 


i 

| AVG. WT: 0.9260 g | 

1 1 

45 

14.6 

13.0 

0.63 

91 

NO 

89 

49 

229 


i 

i t 

1 0: | 

| F, SP, 85 mm j 

25 

7.7 

7.1 

0.04 

37 

6 

24 

25 

93 


~i 

i 

i 

| FTC TAR 7.6; NIC 0.03| 

30 

9.2 

8.6 

0.04 

46 

8 

31 

31 

116 


i 

| VENTILATION: 26.6 X | 

35 

11.2 

10.2 

0.04 

50 

9 

34 

36 

129 


i 

| BUTT LENGTH: 35 mm j 

40 

12.0 

10.6 

0.05 

55 

9 

36 

39 

138 


i 

| AVG. UT: 0.8855 g | 

1 l 

45 

13.2 

11.6 

0.05 

58 

9 

40 

42 

149 


i 

_i 

1 t 

1 E = 1 

| F, $P, 85 ma j 

25 

0.9 

0.8 

0.06 

12 

2 

10 

5 

28 

2.6 

1 

i 

i 

| FTC TAR 1; NIC 0.1 | 

30 

1.2 

0.9 

0.08 

15 

2 

11 

5 

34 

3.8 

i 

| VENTILATION: 73.3 X j 

35 

2.0 

1.5 

0.11 

21 

3 

17 

8 

49 

5.4 

i 

| BUTT LENGTH: 33 urn | 

40 

2.2 

1.8 

0.14 

26 

5 

23 

10 

64 

6.4 

i 

| AVG. WTi: 0.8045 g j 

45 

2.4 

2.1 

0.16 

30 

4 

26 

12 

72 

9.0 

i 

_L 

1 1 

| F, SP, 85 mm |! 

25 

1.0 

1.0 

0.07 

6 

1 

6 

3 

16 


T 

1 

1 

| FTC TAR 1; NIC 0.1 | 

30 

1.4 

1.3 

0.10 

8 

2 

8 

4 

22 


1 

| VENT I UT ION: 76.8 X j 

35 

1.7 

1.3 

0.14 

14 

2 

14 

6 

37 


1 

| BUTT LENGTH: 34 mm | 

40 

2.5 

2.0 

0.18 

16 

3 

15 

6 

41 


1 

|; AVG. WT: 0.7619 g | 

L_L 

45 

3.2 

3.0 

0.20 

21 

4 

21 

9 

54 


1 

_1 


a Filter cigarettes smoked with open air vents 
b MO, not detected 
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